Objective: To characterize risk factors for nightblindness among nonpregnant women of childbearing age, a group recently recognized to be at high risk of vitamin A deficiency in some developing countries. Design: Case-control study. Setting: The study included 415 000 households in National Micronutrient Survey of Cambodia conducted in 2000. Subjects: The prevalence of nightblindness among 13 358 nonpregnant women was 2.0%. A total of 328 nonpregnant women with nightblindness were matched by province with 1009 nonpregnant women without nightblindness. Methods: Univariate and multivariate logistic regression models were used to estimate odds ratios (ORs) as estimates of the relative risk of factors associated with nightblindness. Results: In a final model, materials in the wall of the house (OR 1.4, 95% confidence interval (CI) 0.9-2.0), land ownership r0.5 hectares (OR 1.4, 95% CI 1.0-1.9), nightblindness in last pregnancy (OR 44.5, 95% CI 29.2-67.8), parity 43 (OR 1.5, 95% CI 1.0-2.1), diarrhea within the last 2 weeks (OR 1.9, 95% CI 1.3-2.8), maternal body mass index o18.5 (OR 1.8, 95% CI 1.2-2.7), and lack of consumption of vitamin A-rich animal foods in the last 24 h (1-60 retinol equivalents (RE) OR 1.1 , 95% CI 0.7-1.6; Z60 RE, OR 0.7, 95% CI 0.4-1.0) were associated with nightblindness among nonpregnant women. Conclusions: Women of childbearing age in Cambodia with low socioeconomic status, low consumption of vitamin A-rich animal foods, a history of nightblindness during the previous pregnancy, parity 43, malnutrition, and diarrhea have a higher risk of nightblindness. Sponsorship: United States Agency for International Development (442-G-00-95-00515-00).
Introduction
Vitamin A deficiency is common in many developing countries worldwide (McLaren & Frigg, 2001) and is a major cause of impaired immunity and increased morbidity and mortality from measles, diarrheal disease, tuberculosis, and human immunodeficiency virus infection (Semba, 2001) . Nightblindness is an early clinical manifestation of vitamin A deficiency among preschool children (Blankhart, 1967) and pregnant women in developing countries (Dixit, 1966) and has long been known to be associated with infectious diseases (Nylund, 1944) . Among preschool children, nightblindness has been associated with increased diarrheal disease morbidity (Khan et al, 1984; Stoll et al, 1985) and tuberculosis (Solon et al, 1978) . Nightblindness was associated with gastrointestinal and genitourinary infections among pregnant women (Christian et al, 1998a) . Recently, nightblindness was found to be relatively common among nonpregnant women in Bangladesh (Bloem et al, 1995) , suggesting that in some parts of the world, women of childbearing age also comprise a high-risk group for vitamin A deficiency.
Although the risk factors for vitamin A deficiency have been well characterized among preschool children and pregnant women, little is known about the epidemiology of vitamin A deficiency among women of childbearing age. The characterization of risk factors for nightblindness among nonpregnant women could help facilitate strategies aimed at preventing vitamin A deficiency in this high-risk group. We hypothesized that the same types of risk factors that are associated with nightblindness in children and pregnant women would be found among nonpregnant women with nightblindness. Such risk factors would include low socioeconomic status, low intake of vitamin A-containing foods, and malnutrition. In addition, history of nightblindness during a previous pregnancy would also be a risk factor for subsequent nightblindness. Nightblindness would be associated with increased susceptibility to infectious diseases such as diarrhea. In order to address these hypotheses, we conducted a case-control study among nonpregnant women with and without nightblindness identified in the National Micronutrient Survey of Cambodia in 2000, a populationbased survey of over 15 000 households in 10 provinces of Cambodia.
Materials and methods
The National Micronutrient Survey of Cambodia was a collaborative effort of the Cambodian Government and Helen Keller International, Cambodia. The survey was conducted from February to September 2000, and the specific aims of the survey were to determine the national prevalence of micronutrient deficiencies such as vitamin A deficiency and of anemia among children under 5 y, mothers, and fathers, to assess potential risk factors for micronutrient deficiencies, and to measure current coverage of vitamin A capsules distribution programs. Data were collected from 15 120 households, which were selected by multistage cluster sampling. Cambodia's 20 rural provinces were divided into six groups, based upon ecological, geographical, socioeconomic, and health characteristics. From each of these six groups, 84 communes were chosen by first randomly selecting half of the provinces in the group, and then selecting the communes using probability proportional to size sampling techniques. From each selected commune, 30 households with at least one child under age of 5 y were selected by interval sampling. Thus, the total number of households selected was 6 groups Â 84 clusters Â 30 households ¼ 15 120.
A standardized questionnaire in Khmer was used to collect information on different nutritional outcomes such as anemia, vitamin A deficiency, and stunting, food consumption and vitamin A intake, demographics and socioeconomic status, and health program performance. Interviews were conducted by 42 teams, hired from the Cambodian Government. As part of the interview, the field workers noted the main materials of the walls of the house (bamboo, thatch, grass, hay, leaves, or other temporary materials, vs wood/plywood, concrete, brick, stone, galvanized iron/aluminum, other metal sheets, asbestos cement sheets, or other permanent materials), and inquired about the amount of land that each household owned, which was then converted to hectares. The height and weight of women were measured using a microtoise and a scale (AND Precision Health Scale, UC-300, A & D, Tokyo, Japan), and body mass index (Quetelet) was calculated (weight in kilograms/height in meters 2 ). Pregnancy status was determined by asking a woman whether she was pregnant, and if she was unsure, the result was coded as not pregnant.
Women were asked whether they currently had nightblindness, or kwak moin. The literal translation of kwak moin in Cambodian is 'chicken blindness.' A history of nightblindness has been shown to be a reliable indicator of vitamin A deficiency in surveys (Sommer et al, 1980) . Other questions included a history of diarrhea in the last 2 weeks, consumption of eggs, dark-green leafy vegetables, carrots, ripe papaya, ripe mango, pumpkin, sweet potato, etc. Vitamin A intake was assessed with the 24-VASQ method (De Pee et al, 1999) . Briefly, using this method, a 24-h recall questionnaire was administered that included all foods and drinks consumed during the previous day. All vitamin Acontaining ingredients were then assigned a food code and a vitamin A content code. The food codes define whether the ingredient is a vegetable, fruit, animal food, or fortified food. Vitamin A content codes were assigned for the amount of vitamin A in the individual ingredient consumed, and were classified as o20, 20-75, 76-150, 151-300, 301-750, and 4750 retinol equivalents (RE). Vitamin A intake was calculated per food codes using the mid-points of the vitamin A content categories (De Pee et al, 1999) . Thus, using the 24-VASQ method, for each individual there is a semiquantitative estimate of the amount of vitamin A consumed from vegetables, fruit, or animal foods (no vitamin A-fortified foods were available in the provinces surveyed).
All cases were selected for the analysis. Controls were selected by calculating the number of cases for each province and then taking a random sample of controls to case in a 3:1 ratio for each province (for exact numbers, see Results). The ratio of 3:1 was chosen in order to balance the number of cases and controls and have a large number of subjects for the analysis. The random selection was conducted using the specific function in SPSS version 7.5 for Windows. All analyses were conducted for the total group of cases and controls. First, cases and controls were compared using w 2 or Fisher's exact test for categorical variables. Univariate and multivariate logistic regression models were used to estimate the relative risks of factors associated with nightblindness. Regression coefficients were converted to odds ratios (OR), and confidence intervals (CI) for the OR were derived from the standard error estimates of the regression coefficients. The multivariate logistic regression model included risk factors which in univariate analyses had P-value o0.10. Mantel-Haenszel trend test was used to examine the proportion of women with nightblindness across various time intervals since the last pregnancy. The overall prevalence estimates were weighted in order to account for the populations in the different provinces.
Results
The prevalence of nightblindness among nonpregnant women in the 10 provinces of Cambodia that were included in the National Micronutrient Survey of Cambodia is shown in Table 1 . The prevalence of nightblindness among nonpregnant women ranged from 1.01% in Kandal province to 6.2% in Rattanakiri province. Overall, the weighted prevalence of nightblindness among nonpregnant women was 2.0%. The number of nonpregnant women with nightblindness (cases) that could be matched with nonpregnant women without nightblindness (controls) are shown in Table 1 by province. Out of the total of the 334 cases, six were excluded because they did not have a complete set of data for the variables included in the subsequent analyses. Using a ratio of matching one case to three controls, it was possible to match the 328 cases with 1009 controls overall. Among the cases and controls, the mean age (7s.d.) of the youngest child was 19.2714.9 and 20.7715.7 months, respectively, and the percentage of women who reported that they were breastfeeding at the time of the interview was 72.3 and 67.5%, respectively. Univariate and multivariate analyses of risk factors for nightblindness are shown in Table 2 . In univariate analyses, nightblindness during the last pregnancy, parity 43, a history of diarrhea in the last 2 weeks, low consumption of vitamin A-rich animal foods, low education level, wall of the house made of bamboo or earth, and land ownership of r0.5 ha were significantly associated with nightblindness (Po0.05). Body mass index o18.5 kg/m 2 (P ¼ 0.09) and not having the nearest road to the village impassable at certain times of the year (P ¼ 0.07) had borderline associations with nightblindness. In the final multivariate analysis, poorer quality of the walls of the house, land ownership of r0.5 ha, nightblindness in last pregnancy, parity 43, diarrhea within the last 2 weeks, maternal body mass index o18.5 kg/m 2 , and lack of consumption of vitamin A from animal foods in the last 24 h were associated with nightblindness among nonpregnant women compared with controls (Table 3) . A significant interaction was found between materials of the wall of the house and vitamin A intake from animal foods; however, the interaction term was not significant in the final model, whereas both of these risk factors were separately associated with nightblindness.
In the univariate and multivariate analyses above, nightblindness in the last pregnancy was a strong risk factor for current nightblindness in nonpregnant women. In order to determine whether there might be a relation between the prevalence of nightblindness and pregnancy, the prevalence of current nightblindness was compared across time intervals since the time of delivery of the last pregnancy (Table 4) . There was no significant trend in the proportion of women who currently reported to have nightblindness and the time interval since the last pregnancy.
Discussion
Women of childbearing age in Cambodia are a high-risk group for vitamin A deficiency, as the overall prevalence of nightblindness among nonpregnant women in this survey was 2.0%. Vitamin A deficiency has been defined as a public health problem when the prevalence of nightblindness among children less than 6 y old or among pregnant and lactating women in the community is Z1% (World Health Organization, 1982), and when the prevalence of nightblindness among women during their most recent pregnancy in the last 3 years that resulted in a full-term birth is 45% (International Vitamin A Consultative Group, 2002). The prevalence of nightblindness among women of childbearing age was highest in Rattanakiri and Otar Meacnchey provinces, two remote provinces that are underserved, sparsely populated, and with a relatively high prevalence of malaria and other illnesses.
Vitamin A deficiency has also been reported as a problem among nonpregnant women in other countries in south Asia. In Bangladesh, the Helen Keller International/Institute of Public Health (HKI/IPHN) nutritional surveillance system showed that the prevalence of nightblindness among women of childbearing age ranged between 1 and 2% (Bloem et al, 1995) . In lowland Nepal, the prevalence of nightblindness among nonpregnant, lactating women was 6.2% (Katz et al, 1995) . These studies suggest that nonpregnant, lactating women should also be considered as a high-risk group for vitamin A deficiency, but a prevalence cutoff has not yet been established to define vitamin A deficiency as a public health problem among this risk group. Although a history of nightblindness in the previous pregnancy was strongly associated with a current history of nightblindness, there appeared to be no significant relation between the time of delivery from the last pregnancy and the current prevalence of nightblindness among nonpregnant women. These findings support the idea that there may be some women who are at high risk of nightblindness throughout the life cycle. Such women may have difficulty meeting both the added requirements for vitamin A during pregnancy and lactation and the normal adult requirements for vitamin A outside of pregnancy and lactation. Nonpregnant women with nightblindness may be at relatively higher risk of developing more severe vitamin A deficiency in a subsequent pregnancy, and consequences may include increased morbidity during pregnancy (Christian et al, 1998b) . Women who are nightblind during lactation may have decreased vitamin A concentrations in breast milk (Nylund, 1940) , thus increasing the risk of vitamin A deficiency in their breastfed infants.
Women who are generally malnourished are also at higher risk of vitamin A deficiency. In the present study, women with a body mass index o18.5 kg/m 2 , consistent with protein-energy malnutrition, had a higher risk of nightblindness. Reduced protein status may interfere with vitamin A metabolism through reduced hepatic synthesis of retinolbinding protein (Smith et al, 1973) . In addition to low protein and calorie intake, women with malnutrition may also have a lower intake of vitamin A-rich foods, thus, potentially adding to the risk of developing nightblindness. Vitamin A deficiency is associated with loss of brush border in the small intestine and loss of mucus and goblet cells, as well as impaired immune responses to specific enteric pathogens (Semba, 2001) . The acquired immune dysfunc- tion caused by vitamin A deficiency may increase susceptibility to diarrheal disease. Vitamin A supplementation has been shown to improve gut integrity (Thurnham et al, 2000) . Increased diarrheal disease morbidity has been described among pregnant women with nightblindness (Christian et al, 1998a, b) , and the present study extends these observations to nonpregnant women.
Effective interventions are needed to break this apparent cycle of vitamin A deficiency among women of childbearing age. Although daily vitamin A supplements of 10 000 IU are recommended for women who are nightblind during pregnancy and high-dose vitamin A supplements are recommended for women within 6-8 weeks of delivery in areas of endemic vitamin A deficiency, many women may not be reached by such programs of vitamin A supplementation. In the Cambodia National Micronutrient Survey, the overall coverage of vitamin A supplementation to women after delivery was 5.0% overall and ranged between 1.5 and 9.4% by province (Helen Keller International, Cambodia, unpublished data). Further work is needed to increase the postdelivery coverage of vitamin A supplementation for women in Cambodia.
In the present study, vitamin A intake from animal foods in the last 24 h was associated with a lower risk of nightblindness among nonpregnant women. Vitamin A intake from plant foods in the last 24 h did not correlate with the risk of nightblindness, and these findings are consistent with the observation that the bioavailability of provitamin A carotenoids from fruits and vegetables is much lower than has previously been assumed (De Pee et al, 1995; West, 2000) . Animal foods such as eggs are rich sources of vitamin A but may be relatively expensive for many households in Cambodia. Homestead food production may be a practical approach to making animal foods more affordable (Bloem et al, 1996) . In Cambodia, local surveys show that the extra income earned through homestead food production is largely spent on high-quality foods such as fish, eggs, and other animal foods (Helen Keller International, Cambodia, unpublished data) . Although social marketing has been shown to increase consumption of vitamin A-rich foods (De Pee et al, 1998) , this approach may be less useful in Cambodia until extra income generating activities are more widespread.
In summary, nonpregnant women of childbearing age are at high risk of nightblindness in Cambodia, and poor socioeconomic status, low consumption of vitamin A-rich animal foods, a history of nightblindness during the previous pregnancy, malnutrition, and diarrheal disease were identified as risk factors associated with nightblindness. The prevalence of nightblindness among nonpregnant women appears to be relatively constant in the period following pregnancy, suggesting that these women are at high risk through the life cycle. These findings may have implications for their children, who may also be at increased risk of vitamin A deficiency. Increasing the coverage of vitamin A capsule distribution to women following delivery and the development of homestead food production are the two approaches that may help break the cycle of vitamin A deficiency among women of childbearing age.
